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A computer program (COMPOST) is described that carries out predictive computations on 
known ammo acid sequences. The program is designed to be of use to mass spectrometrists 
with an interest in protein and peptide sequencing. Mass values (monoisotopic and 
average) for protonated peptide and protein molecules and elemental compositions are 
calculated. COMPOST also calculates mass to charge ratio values for protonated peptides 
expected from specified digests, locates specihed amino acid subsequences or peptides of a 
specified molecular weight within a longer sequence, and predicts mass to charge ratio 
values for fragment ions from high-energy collision-induced dissociation of protonated 
peptides. (J Am Sac Mnss Spectrom 1991, 2, 174-177) 
I n the course of our work in the sequence determi- nation of peptides and proteins by fast atom bom- bardment (FAB) and collision-induced dissociation 
(CID) mass spectrometry, we have developed com- 
puter programs to assist in the prediction and inter- 
pretation [l, 23 of FAB and CID mass spectral data. 
We wish to describe a useful FORTRAN program that 
carries out predictive computations on known amino 
acid sequences. 
Program COMPOST (Computations On Modified 
Proteins Or Segments Thereof) is a program that 
accepts an ammo acid sequence as input and provides 
information about and performs operations on that 
sequence, which are selected by the user from an 
options list (Figure 1). Some of the operations per- 
formed by the program are also available via remote 
access of databases. However, the package described 
here is directed mainly towards mass spectrometrists 
with an interest in protein sequencing. The develop- 
ment of a program with similar features has also been 
reported from another laboratory [3]. 
The amino acid sequence (single letter code, up to 
3000 long) may be entered by the user at runtime or 
retrieved from a file (in the former case a file with the 
sequence thus entered may be created). The user may 
select to work on only part of the input sequence. The 
program recognizes the letters for the 20 common 
protein ammo acids and 0 for ornithine as well as X if 
leucine and isoleucine are to be treated equal. The 
remainiig four letters (B, J, U, Z) may be used to 
designate uncommon amino acids, in which case the 
program requests the elemental composition for each 
such amino acid. COMPOST assumes that all ammo 
Address reprint requests to Klaus Biemann, Department of Cbem- 
ishy, Massachusetts Institute of Technology, Cambridge, MA 02139. 
0 1991 American Society for Mass Spectrometry 
1044~0305/91/$3.50 
acid residues have the form -NH-CHR,-CO- (Ri is the 
side chain of the ith ammo acid; for proline (I’), 
R = CsHs), and, in the case of uncommon amino 
acids, the composition of the side chain R is to be 
defined; this has no effect on any operations except in 
predicting CID combined with mass spectrometry 
fragment ions (option 6 in Figure 1) for those cases 
where the modifmation is not restricted to the side 
chain but includes a substituent on the 01 nitro- 
gen. For example, a decapeptide where the fourth 
amino acid is methylated at the (Y nitrogen 
[-N(CH,)-CHR,-CO-] will have the masses of 
all its sequence ions correctly predicted except for cg 
(14 u too high) and zs (14 u too low). While this 
particular case could be incorporated into the algo- 
rithm, it is sufficiently rare to make it easier to simply 
make the correction. Modifications to any amino acids 
in the sequence entered may be either selected from a 
list of commonly encountered groups (phosphate, sul- 
fate, glycosylation, peptide synthesis side-chain pro- 
tecting groups, etc.) or defmed; when such an amino 
acid occurs more than once, the program prompts the 
user to specify the position(s) of the modified 
residue(s). Modifications to the N-terminus and/or 
the C-terminus may be specified in a similar manner. 
The program sets up a matrix of ten elements (C, H, 
N, 0, S, P, F, Cl, Br, I) for every ammo acid in the 
sequence; default values for the common or user- 
specified values for uncommon and/or modified 
ammo acids are assigned prior to any computations. 
The oxidation state of cysteines and any modifrca- 
tions thereof may be specified. If there are disulfides 
present, the user may specify the pairs of cysteines 
thus linked, if these are known. These linkages are 
taken into account when the expected peptides from a 
specifted enzymatic or chemical digest are determined 
(option 7 in Figure 1). COMPOST contains provisions 
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for cases where on!y some of the cysteines are in- 
volved in disulhde bonds while the remaining may be 
reduced or otherwise modiied. 
Once the amino acid sequence has been entered 
and any modiications to it have been specifted, the 
program creates internally a table of the elemental 
composition of each ammo acid present. All mass 
computations for peptides axe carried out by sum- 
ming the products of the atomic weight and the num- 
ber of occurrences of each element in the amino acid 
residue, and adding the elements of water (unless a 
modification to the N- and/or C-terminus has been 
specified). Monoisotopic (12C) and average (“chem- 
ical”) masses1 are calculated and double precision 
arithmetic is used for all noninteger computations. 
These values, for the neutral as well as the protonated 
molecule, are obtained by selecting option 1 from 
Figure 1. Option 1 also allows the user to select a 
portion of the amino acid sequence and then add or 
subtract ammo acids from either terminus in a step- 
wise fashion and obtain the masses of the peptides 
thus defined. This is useful when searching for pep- 
tides derived from a posttranslationally truncated pro- 
tein. Option 2 provides the elemental composition of 
the ammo acid sequence. 
A list of specific, commonly used enzymes or 
chemical cleavage methods is available in option 7 
(Figure 2), and the predicted peptides from their activ- 
ity on a known ammo acid sequence may be obtained 
(Figure 3). COMPOST accommodates infrequently 
‘The monoisotopic and average mass values for the elements used 
in COMPOST were taken from refs 4 and 5, respectively. 
Figure 
bovine 
B 
3. Predicted peptides from a chymotryptic digest of 
pancreatic trypsin inhibitor (WIT, also known as apro- 
tinin, 58 amino acids); with the cyst&nes either (a) reduced >nd 
carbamidomethylated or (b) linked by distide bonds (Cys5= 
Cys 55, Cys”-CysJR, and Cy?‘-Cys5’). In parentheses are the 
amino acids immediately preceding or following the peptides to 
be expected. To save space a relatively small protein was cho- 
se”. The average protonated peptide molecule mass is calcu- 
lated for the case of larger proteins and/or cleavage at infre- 
quently occurring amino acids (e.g., at the C-terminus of Met 
with CNBr), which may give rise to peptides of high molecular 
weight that tight be measured mass spectrometxically at less 
than unit mass resolution. 
used enzymatic or chemical cleavages by allowing the 
user to specify cleavage at the N- or the C-terminus of 
any amino acids or at the peptide bond between two 
specihed ammo acids. As mentioned above, if disul- 
hde bonds are present and the pairs of cysteines thus 
linked are known, the predicted peptides from the 
Sequence from file u~INVERTASE.SEQ" (536 amin acids) 
Potential N-qlycosylation cites ("NIS" or "N#T") 
Peptide Position 
----- ------- x=-=====_-___Ei_____-_~~~== 
NET 23-25 
NDT 64-66 
NDS 97-99 
NNT 111-113 
NTS 112-114 
NDT 118-120 
NST 165-167 
NGT 266-268 
NQS 275-277 
NIS 356-358 
NTT 369-371 
NST 384-386 
NTT 398-400 
NW? 512-514 
14 matching peptides were found 
Figure 4. Potential N-glycosylatio” sites (” . -As”-XXX-SW- 
. . . " or 'I... -Am-xxx-Thr- . . . “, where “xxx” may be any 
amino acid) of external invertase. 
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ergy CID of a protonated peptide molecule [7]. N- and 
C-terminal fragment ions, along with internal frag- 
ment, immonium, and side-chain loss ions (Scheme I) 
are generated. A typical output of this option is shown 
in Figure 6. This is useful for predicting the possible 
peaks of the CID mass spectrum of a known or 
hypothetical peptide or for assessing the correctness 
of a sequence deduced from the CID mass spectrum 
of a peptide of unknown structure. 
The output from options 4, 6, and 7 can be saved 
in a tile or printed. COMPOST runs on VAX comput- 
ers or workstations under VMS version 5.3 (but should 
work with versions 4.0 and higher) in less than 0.5 
Mbyte of memory at peak usage2 and requires a 
2Because of the virtual memory access inherent in the VMS operat- 
ing system, the program should run even with considerably lower 
memory aIlocation to the US~I without any perceptible difference in 
performance. 
VT100 (or compatible) terminal. Copies of the pro- 
gram may be obtained by writing to the authors. 
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